Although sound production requires energy, it has been unclear how much singing increases metabolic rate in passerine birds. We measured the rate of oxygen consumption of two breeds of canary that sang inside a respirometry chamber. Metabolic rate increased with the proportion of time that birds spent singing. Average metabolic rate during singing at 15-20 C was 1.05-1.07 times that of standing quietly in the same temperature range or 2.2-2.6 times basal metabolic rate (BMR). Whether an increase in metabolic rate during song of this order would represent a fitness cost to free-living passerine birds would depend upon the circumstances. Singing rather than perching during the day would raise metabolic rate only slightly. Singing at night or at dawn, instead of sleeping with a metabolic rate closer to BMR, would cause a greater increase in metabolism. Birdsong could act as a condition-dependent signal, since birds that are easily able to achieve energy balance could afford the cost of singing, but those close to their energy limits might not. 
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Birdsong is a conspicuous example of a display that can function both to deter rivals and to attract mates (Catchpole & Slater 1995) . The possible costs of birdsong are not well understood. Most models of animal signalling assume that displays should be costly if they are to carry honest information about the quality of the signaller (Zahavi 1975; Clutton-Brock & Albon 1979; Grafen 1990a, b; Godfray 1991) . Hypotheses on how animal displays may have evolved assume explicitly or implicitly that signals should be costly (Fisher 1930; Zahavi 1975; Grafen 1990a, b) . The costliness of signals is also an important assumption of stochastic dynamic programming models of animal signalling (e.g. Hutchinson et al. 1993) .
Song production obviously requires energy. Muscles associated with control of respiration, the syrinx, the upper vocal tract and movements of the bill are all used during singing (Goller & Larsen 1997; Suthers et al. 1999; Larsen & Goller 2002) . Singing could also be costly in other ways: time spent singing is not available for other activities, singing might attract predators, and song learning and production involves specialized areas of the brain that could be costly to develop or maintain (Gil & Gahr 2001) . Field observations of birds imply that singing has an energy cost. Birds sing more when in good body condition or following supplementary feeding and less after cold nights or following adverse experimental treatments (Lambrechts 1996) . However, these data do not show whether singing itself is energetically costly or whether time that could have been spent singing, at however low a rate of energy expenditure, was better spent foraging during periods of energy shortage.
Measurements of the rate of oxygen consumption of captive animals show that sound production can cause large factorial increases in metabolism for insects, anurans and bats (Ryan 1988; Speakman et al. 1989; Prestwich 1994; Kotiaho et al. 1998) . However, one cannot infer from these data how energetically costly singing should be for passerine birds, because resting metabolic rates and sound production mechanisms differ between taxa. Singing inside respirometry chambers appears to be energetically costly in Carolina wrens, Thryothorus ludovicianus (Eberhardt 1994), but not in zebra finches, Taeniopygia guttata, Waterslager canaries, Serinus canaria, or European starlings, Sturnus vulgaris (Oberweger & Goller 2001; Franz & Goller 2003) . Singing by free-living common nightingales, Luscinia megarhynchos, increases their overnight rates of mass loss, implying that song has an energy cost in this species (Thomas 2002) . In contrast, begging by nestling birds is thought to be energetically cheap (Chappell & Bachman 2002) as is crowing by cockerels, Gallus gallus domesticus, and junglefowl, G. gallus spadiceus (Chappell et al. 1995; Horn et al. 1995) .
